Abstract. Sentiment analysis is an emerging research field. One of the major tasks of sentiment analysis is building sentiment lexicons and calculating their scores, which is an essential job that provides "material" for all sentiment analysis problems. In this paper, we propose a fuzzy language computation by taking linguistic context into account to provide an effective method for computing the sentiment polarity of verb phrases. The positive results, which come from an experimental period, will provide us with a basis from which to build an effective sentiment analysis system by making use of the contextual valence shifter.
Introduction
Sentiment analysis (or opinion mining) is a new research field, but it is an important area that attracts the attention of not only researchers but also businesses and organizations. Building sentiment lexicons is an essential task that provides "material" for all sentiment analysis levels: document-based, sentence-based, concept-based, and aspect-based. One of the biggest English sentiment lexicons is SentiWordNet [15] . It contains opinion terms extracted from WordNet [3] with a semi-supervised learning method and is available for research purposes. SenticNet [2] is a lexical resource used in concept-level sentiment analysis. It provides sentiment scores for 14,000 common sense concepts. To tackle the problem of mining verb expressions to identify opinions from customer reviews, there also have been a large number of works discovered the semantics of verbs and verb phrases. For example, Sokolova and Lapalme [13] incorporate semantic verb categories including verb past and continuous forms into features sets. Neviarouskaya et al. [9] built a rule-based approach to incorporate verb classes from VerbNet [12] to detect the sentiment orientation of sentences.
For Vietnamese, Vu et al. [18] built VietSentiWordNet, which contains 1,000 words; it also includes syntactic rules for extracting sentiments from review sentences. Hong et al. [4] built an opinion dictionary for product domains based on a combination of a statistical method, a machine translation technique, and WordNet. Their work outperformed VietSentiWordNet. Recently, in 2016, Son et al. [14] built a Vietnamese opinion dictionary that contains five sub-dictionaries: verb, adjective, adverb, noun, and proposed features. The sub-dictionaries are based on the English emotional analysis approach and adapted to traditional Vietnamese language. The support vector [6, 8, 19] , we present an effective method for computing the sentiment polarity of verb phrases. From this, we built a fine-grained linguistic sentiment analysis for Vietnamese. Zadeh developed the concept of fuzzy linguistic variables that modify the meaning and intensity of their operands, and we developed a modified fuzzy function suitable for use with the Vietnamese language. In our experiments, we showed that our system provides good results. In this paper, we describe our research contributions, as follows:
-The mining of Vietnamese linguistic characteristics to propose sentiment computing rules for verb phrases.
-Proposing the modified fuzzy functions suitable for Vietnamese linguistic variables.
-Taking steps toward building an effective sentiment analysis system with fine-grained scores.
The outline of the rest of this paper is as follows: in section 2, we present the linguistic characteristics of Vietnamese; in section 3, the proposed model is described; in section 4, we report our experiments; and finally, we conclude the paper and discuss possibilities for future work.
Linguistic Characteristics of Vietnamese
Vietnamese is an isolating language with lexical tones and monosyllabic word structure. These characteristics are evident in all aspects: phonetic, vocabulary, and grammar. For vocabularies, Le [7] and Nguyen [11] proposed three common standards used to classify them: 1) essential meaning of the word type, 2) the function of the word in the sentence, and 3) the ability to combine with other words. Both Vietnamese and English words can be divided into content words and function words. Content words carry lexical meaning; while, function words relate lexical words to each other. For both languages, content words may be further divided into nouns, adjectives, and verbs.
Nouns are words that represent entities; adjectives represent qualities or characteristics; and verbs represent actions or states. In English, most adverbs are content words, but Vietnamese adverbs are function words. Generally, these words modify any part of speech other than a noun. Adverbs can modify verbs, adjectives, clauses, sentences, and other adverbs. In this paper, we only focus on verbs and adverbs.
Vietnamese Verbs
Verbs denote action, state, or occurrence, and form the main part of the predicate of a sentence. In Vietnamese, there are some types of verbs [1, 10] -Verb of nature, morality, personality (denotes Vin4): nhịn condescend, tha thứ forgive etc.
Vietnamese Adverbs
Adverbs are words that modify or describe verbs, adjectives, clauses, sentences, and other adverbs. Generally, these words modify any part of speech other than a noun.
The following observations relate to Vietnamese adverbs when comparing them with English adverbs. Morphology. English adverbs are content words but Vietnamese adverbs are function words. To the best of our knowledge, there are approximately 600 Vietnamese adverbs while English has more than 6,000 adverbs. Syntactic. In English, the adverb is the head of the phrase, can appear alone, or can be modified by other words. An adverb phrase is a subordinate clause in a sentence. In Vietnamese, adverbs do not have primary grammatical functions in a clause (subject, predicate). Function. English adverbs modify a verb, adjective, or another adverb. The adverb typically expresses the manner, time, place, cause, or circumstance in which something has happened. In Vietnamese, adverbs do not have real meaning for describing the name, action, status, nature, and quantity of things. Adverbs only contain grammatical meaning based on the part of speech they modify. Position. There are three normal positions for adverbs in an English sentence: before the subject, between the subject and the verb, and at the end of the clause. Vietnamese adverbs can precede or follow the words they modify. Classification. English adverbs have the following types: time adverbs, degree adverbs, manner adverbs, frequency adverbs, and place adverbs.
For Vietnamese, a selection of the types of adverbs and their ability to combine with verbs are presented in Table 1 . 
Proposed Model
In this model, we try to compute the sentiment scores for word phrases that include verbs and adverbs based on Vietnamese linguistic characteristics. By combining with some adverbs, the verb phrases will have a smoother sentiment scaling.
System architecture
Our system architect is presented in Figure 1 . We used the English sentiment dictionary, SentiWordNet, and the translate tools Vdict * and Google Translate ** to build the core verb lexicons with sentiment scores for Vietnamese. The fuzzy rules then computed the sentiment scores for the whole phrase, which included the verbs and associated adverbs. 
Building core verb lexicons.
We constructed a handcrafted opinion dictionary containing approximately 1,000 verbs. The number of words was high enough to cater to the problem we sought to solve. These words:
-appeared in the review corpus obtained from [16, 17] .
-are matched with corresponding English words in SentiWordNet; we used Vdict and Google Translate to check this. To meet the scope of this project, we assigned opinion word scores that were the same as the scores of words in SentiWordNet. In Table 2 , we describe some of the opinion words that appear in this core dictionary. 
Fuzzy Rules
Overall sentiment scores for the verb phrases were calculated thanks to fuzzy rules that were associated with the combination between the verb (denotes x) and the adverb (denotes y). We used fuzzy functions to incorporate the effect of the adverbs in the verb phrases. We considered the sentiment score of a verb to be its initial fuzzy score (x). Based on Vietnamese linguistic characteristics, we realized five sentiment shifting scalings for adverbs that go along with verbs; Verb Phrases with polarity SentiWordNet these were intensifier, booster, diminisher, minimizer, and modifier. General principles for classifying adverbs are as follows:
1. Adverbs of degree: There are five levels: intensifier, booster, diminisher, minimizer, and modifier. Some Vietnamese adverbs of degree are presented by Table 3. 2. Other adverbs: There are three levels that are booster, diminisher, and modifier:
 Booster: PV1, PV2, PV31, PV41, PV6, PV9, PV10, PV13, PV16, PV17, PV18.
 Diminisher: PV32, PV42, PV10, PV12, PV14, PV15.
 Modifier: PH, PV19.
Some of these adverbs are presented by Table 4 . In our system, Vietnamese adverbs are organized in a database. In Table 5 , we describe some of the adverbs that appear in our adverb database. In the table, "Tag" is the scaling category to which an adverb can belong. Similar to Zadeh's proposition [6, 8, 19] , if the verb phrase had an adverb, its modified fuzzy score was computed by (1):
We chose = 4, 2, 1/2, or 1/4 if the adverb was a(n) intensifier, booster, diminisher, or minimizer.
which gives us a modified fuzzy score, as indicated in (2).
with -ƒ(μ(x),y) is the sentiment score of a verb phrase, in which x: verb, y: adverb.
-μ(x) is the sentiment score of a verb. Table 6 presents an example of verb phrases and their sentiment scores. Table 6 . Sentiment score of verb phrases.
According to the formula (2), if the adverb was a modifier (y.tag = modifier), we had two cases.
For example: ƒ(tin phải trust (a bad guy)) = -ƒ(tin trust) = -0.625, but ƒ(đừng hiểu lầm shouldn't misconceive) = 0
Experiments
Cohen's kappa coefficient. Two judges participated in categorizing the adverbs as intensifier, booster, diminisher, minimizer, or modifier. To compute the "between judges' agreement," we used the Cohen's kappa coefficient [5] , as follows:
where Pr(a) is the relative observed agreement among the judges and Pr(e) is the hypothetical probability of a chance agreement. The Cohen's kappa coefficient of our corpus = 0.80. Obviously, the adoption of fuzzy logic for computing sentiment scores of verb phrases helps the sentiment valences have a smoother sentiment scaling, not only 1, -1, and 0. In Table 7 , we describe the eleven levels of sentiment polarities that obtained from the testing. Application. By identifying the fine-grained scores of phrase in sentence, the system can deal with many multi-class sentiment classification problems. For example, to classify the sentences, we simply counted the mean scores of sentiment phrases in each sentence. If the final score was more than +0.1 the sentence was considered to show a positive emotion. If the score was less than -0.1 the sentence was considered to show a negative emotion. Otherwise, the sentence was considered to show a neutral emotion. 
Conclusions
This paper has presented a mechanism for computing the sentiment scores of verb phrases by mining the Vietnamese linguistic characteristics and using fuzzy functions. We have shown this approach to be effective. By identifying the opinion phrase polarity automatically, the method can be useful to deal with many sentiment analysis problems. Still, there are a number of challenges to indentify, classify, and calculate the sentiment scores of verbs and verb phrases because of linguistic challenges and the rule based approaches often suffer from domain-specificity problem. Future work will expand our research with more data and adopt this approach for developing Vietnamese sentiment lexicons with adjective phrases and noun phrases. We will also consider using machine learning methods to help the system become more robust.
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